MULTILAYER THERMOPLASTIC 
FILMS AND PACKAGES MADE THEREFROM 






\s^* BACKGROUND OF THE INVENTION 

Multilayer films consisting of various polymeric 



materials have many applications in packaging structures. 
Polymeric materials are used as films, sheets, lidstock, pouches, 
tubes and bags. One type of packaging structure for which 
polymeric materials are used is for the packaging of meats. 



shrinkable thermoplastic films known as shrink bags. After the 
film is produced, it is folded and the product is inserted. The 
air is then evacuated from the bag and the film is sealed along 
its edges, such as by heat sealing. Subsequently, the film is 
heated to initiate heat shrinkage about the meat. 



shrink bag, a thermoplastic film must be able to remain intact 
during the packaging process where it is filled, evacuated, 
sealed (as by heat-sealing) , and heat shrunk. The heat sealing 
and heat shrinking operations require subjecting the film to high 
temperatures. Thus, the thermoplastic film must have sufficient 
strength at high temperatures known as "hot strength". The 
thermoplastic film must also remain intact during the shipment 
and handling of the shrink-wrapped product as to physically 
protect the meat. 

In addition to remaining intact during the fabrication 
of the bag and subsequent handling, th thermoplastic film must 
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Generally, meats are packaged in bags made from heat 



In order to successfully serve as the material for a 




also serv as a barrier for the product from gaseous materials in 
the environment. The film must especially serve as a barrier to 
the infusion of oxygen, thus preventing spoilage of the product 
caused by the exposure to oxygen. 

It is desirable that the thermoplastic film achieve the 
properties of a shrink bag while remaining economical to produce. 
Thus, the resin for the film should be relatively inexpensive, 
readily extrudible, and the film produced therefrom susceptible 
to orientation. 

Shrink bag packaging of meat has several inherent 
difficulties, many of which are attributable to limitations in 
the thermoplastic films. For example, the process of stretching 
the film and shrinking it expose the film to severe stress 
conditions due to the nature of the operation. The thermoplastic 
films are especially vulnerable to failure at these severe 
conditions. 

The thermoplastic film must also be capable of being 
oriented without distortion, and without delamination of the 
multiple layers normally present in packaging films. The 
thermoplastic film must be strong enough at the orientation 
temperature to withstand stretching without the creation of 
holes, tears, or non-uniform zones of stretching. 

In the case of blown tubular thermoplastic films, the 
film must be capable of being stretched to form a bubble during 
th orientation process. Each of the layers of th film should 
be abl to be oriented without fracture, separation, or creation 
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of holes in the layer. 

In packaging use, the thermoplastic film must respond 
to heat rapidly enough for commercial practicality, and yet must 
not exhibit such a level of shrink energy that would cause the 
film to pull apart or delaminate as a result of shrinkage from 
its own internal forces. 

Film packages are known in the art to be susceptible to 
failure or deformation at any location where portions of the 
films are sealed to each other by heat sealing. In the formation 
of a heat seal, at least portions of the film are heated to a 
temperature where they are soft enough to flow and melt merge 
when subjected to pressure. It is desirable to be able to form 
heat seals in a film over a range of temperatures and pressures 
so that commercial processes can be adjusted within the normal 
operating parameters. Whatever the acceptable range of 
parameters for the formations of heat seals, it is critical that 
the seals have adequate strength to hold the package closed, and 
prevent leakage into or out of the package until it is 
intentionally opened. Thus, the strength of the heat seals is 
also an important measure of films used in applications such as 
shrink bags, where heat seals are formed. 

A solution known in the art to the problem of failure 
or deformation at the heat seals is the cross-linking of the film 
layers by irradiation prior to heat sealing. Cross-linking the 
film provides improved toughness and increases th h at seal 
temp rature range. 



Howev r, cross-linked thermoplastic films are more 
difficult to melt and provide weaker seals than unirradiated 
films when heat sealed. Users require that the seals maintain 
their integrity when the bag containing meat or other food 
article is immersed in hot water to shrink the film. A bag with 
weak heat seals that ruptures when the bag is shrunk, is of no 
use. Thus, there is a need for an irradiated multiple layer film 
which can be made into a bag that will have strong seals when 
heat sealed. 

Another important measure of the value of film for use 
in shrink bag applications is optical clarity. A desirable film 
has good optical clarity, so that the consumer can view the 
product clearly and without obstructions. Thus, a desirable film 
should be free of haze or other imperfections. 

U.S. Patent No. 4,457,960, which is commonly owned with 
this application and hereby incorporated by reference, discloses 
multiple layer, molecularly oriented films, and packages made 
from the films, which may be used in shrink bag applications. 
The disclosed film contains a first barrier layer, preferably 
either polyvinyl idene chloride copolymer (Saran) or ethylene 
vinyl alcohol (EVOH) , and at least second and third layers, both 
of which are firmly adhered to the first barrier layer. The 
second layer comprises a blend of linear low density polyethylene 
("LLDPE") and EVA. The third layer comprises ethylene vinyl 
acetat (EVA) or blends of EVA and linear low density 
polyethylene. 
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U.S. Patent No. 4,894, 107 , which is also commonly owned 
with this application and hereby incorporated by referenc , 
discloses multiple layer, inolecularly oriented films, and 
packages made from the films, which may be used in shrink bag 
applications. The films contain a core barrier layer of 
vinylidene chloride copolymer (VDC-CP) or vinylidene chloride 
methylacrylate (VDOMA) , as well as at least two additional 
layers comprising blends of LLDPE and EVA. U.S. Patent No. 
4,894,107 also teaches electron beam irradiation of the film in 
an amount of at least 1.5 megarads, preferably 2 to 5 megarads. 
The irradiation induces cross-linking, thereby improving the hot 
strength and heat seal properties of the film. 

Pending U.S. patent application Serial No. 08/011,528, 
which is commonly owned with this application and hereby 
incorporated by reference, discloses multiple layer films with 
inner heat sealant layers and outer protective layers that have 
different degrees of cross-linking at different levels of 
irradiation doses. 

SUMMARY OP THE INVENT TQM 

Applicants have now discovered a new film suitable for 
making packages for shrink bag applications. The film has 
improved clarity and other optical properties such as color which 
are not found in the prior art. The films of the invention also 
have improved sea lability, i.e. . higher seal strength and higher 
burst valu • 

The improved qualities of the films of the invention 
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are in part du to the use of a polymer, usually a copolymer, 
formed by a polymerization reaction in the presence of a single 
site catalyst such as a metallocene. Examples of such a polymer 
are ethylene and propylene polymers and copolymers thereof. 

One preferred copolymer is a copolymer of ethylene and 
an alpha olefin where such alpha olefin has a carbon chain length 
of from Cj-Cj,,. A particular example is the resin Affinity PL 
1840, manufactured by Dow Chemical Company. X 

The structures of the present invention may also 
include blends of polymers and copolymers formed by a 
polymerization reaction with a single site catalyst or blends of 
a polymer and copolymer formed by a polymerization reaction with 
a single site catalyst and another polymeric material. Examples 
of suitable polymers for blending include: high and medium 
density polyethylene (HDPE, MDPE) , linear low density 
polyethylene (LLDPE) , low density polyethylene (LDPE) , ethylen 
vinyl acetate (EVA), ultra low density polyethylene (ULDPE or 
VLOPE) , and ionomers such as Surlyn. 

The films of the present invention comprise a first 
core barrier layer' of EVOH or EVOH copolymers. Additional second 
and third layers, one of which serves as a heat sealant layer, 
are bound to the core layer such as through use of an adhesive. 
The second and third layers comprise blends of from 0% to 100% of 
a polymer or copolymer formed by the polymerization reaction with 
a single site catalyst and from 0% t 100% EVA or EVA copolym rs. 
The heat sealant layer is preferably 100% of a polymer or 
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copolym r formed by the polymerization reaction with a single 
site catalyst. 

Another embodiment of the present invention is a film 
also comprising a core barrier layer of EVOH or EVOH copolymer. 
In this embodiment, the EVOH layer is disposed between additional 
second and third layers of an adhesive. Adjacent to the third 
layer of adhesive is a fourth layer of an EVA or an EVA 
copolymer. Adjacent to the fourth layer is a fifth layer of a 
polymer or copolymer formed by the polymerization reaction with a 
single site catalyst. The fourth layer serves as the heat seal 
layer . 

In all embodiments of the present invention, the 
multiple layer film is subjected to irradiation. The desirable 
qualities of the present invention are in part the result of the 
use of a polymer or copolymer formed by the polymerization 
reaction with a single site catalyst in the sealant layer. The 
polymer or copolymer formed by the polymerization reaction with a 
single site catalyst has a lesser degree of cross-linking under 
irradiation than prior art resins. Thus, although the film 
layers are cross- linked, the sealant layer of the films of the 
invention is not adversely affected by the irradiation in the 
manner of prior art cross-linked films. In addition, the films 
of the invention have improved optical qualities and improved 
heat sealability. 

A substantial end use f the invention is in heat 
sealable shrink bags for use particularly, although not 
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exclusively, in the packaging of meat. Bags made from the 

multilayer films of th invention find particular utility in 

forming packages which are subjected to high temperature 

shrinking processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a cross-section of films of this 
invention. 

Fig. 2 shows a cross-section of an alternative 
embodiment of the films of the invention. 

Fig. 3 is a plain view of a bag made according to the 
invention. 

Fig. 4 is a cross-section of the bag of Fig. 1 taken at 
2-2 of Fig. 1. 

DETAILED DESCRIPTION OF TH E INVENTION 
Fig. 1 shows a cross-section of a first embodiment of 
the film of the invention. Layer 12 is a core barrier layer, 
which minimizes the transmission of oxygen through the film. In 
the present invention, the barrier layer comprises EVOH or EV0H 
copolymers. Layer 14 is a tie or adhesive layer , which binds the 
core barrier layer of the film to the additional layers. 

Additional layers 16 and 18 comprise either 100% of a 
polymer or copolymer formed by the polymerization reaction with a 
single site catalyst, or blends of a polymer or copolymer formed 
by the polymerization reaction with a single site catalyst and 
EVA. The blend ranges are from about 99% to about 1% polymer or 
copolymer formed by the polymerization r action with a singl 
site catalyst and from about 1% to about 99% EVA or EVA 
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copolymers. Layer 16 is an inner sealant layer, and layer 18 is 
an outer layer, A preferred composition of the inner sealant 
layer 16 is 100% of a polymer or copolymer formed by the 
polymerization reaction with a single site catalyst. 

In this embodiment, the core barrier layer 12 has a 
thickness of between about 10 and about 30 gauge, and is 
preferably about 20 gauge. The tie or adhesive layers 14 each 
have a thiclcness of from about 20 to about 30 gauge, and are 
preferably about 25 gauge. Inner sealant layer 16 has a 
thickness of from about 35 to about 55 gauge, and is preferably 
about 45 gauge, and outer layer 18 has a thickness of from about 
105 to about 125 gauge, and is preferably about 115 gauge. 

Fig. 2 shows a cross-section of a second embodiment of 
the film. In this embodiment, layer 26 is a core barrier layer, 
which minimizes the transmission of oxygen through the film. In 
this embodiment of the invention, the barrier layer 26 compris s 
EVOH or EVOH copolymer. As in the prior embodiment, the EVOH 
layer is surrounded by second and third layers 24 and 28 of an 
adhesive, which adhere the core barrier layer of the film to th 
additional layers. Layer 30, which is adjacent to adhesive layer 
24, is a layer of EVA or EVA copolymers. Layer 32 is an inner 
sealant layer of a polymer or copolymer formed by the 
polymerization reaction with a single site catalyst. 

In this alternative embodiment, the core barrier layer 
26 has a thickness of from about 10 t about 3 0 gauge, and is 
pr ferably about 20 gauge. The tie or adhesive layer 24 has a 
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thickness of from about 15 to about 35 gauge, and is preferably 
about 25 gauge. The tie or adhesive layer 28 has a thickness of 
from about 35 to about 55 gauge, and is preferably about 45 
gauge. Layer 30, the EVA layer, has a thickness of from about 
100 to about 120 gauge, and is preferably about 110 gauge. Th 
inner sealant layer 32 has a thickness of from about 20 to about 
40 gauge, and is preferably about 30 gauge. 

Fig. 3 shows a bag 40 made according to the invention. 
The empty bag shown is a collapsed tube with one end closed by a 
heat seal 42 across the end of the tube. The other end of the 
bag 44 is left open for insertion of the meat, and it is normally 
closed and sealed when the meat is placed in the bag. 

Fig. 4 is a cross-section of the bag in Fig. 3 taken at 
2-2 of Fig. 3, made according to the first embodiment of the 
film. Thus, layer 124 is a core barrier layer, comprising EVOH 
or an EVOH copolymer, which minimizes the transmission of oxygen 
through the film. The EVOH layer is disposed between second and 
third layers 126 and 130, which are tie or adhesive layers that 
adhere the core barrier layer of the film to the additional 
layers. Additional layers 128 and 132 are either 100% of a 
polymer or copolymer formed by the polymerization reaction with a 
single site catalyst, or comprise blends of a polymer or 
copolymer formed by the polymerization reaction with a single 
site catalyst and EVA or EVA copolymers. The blend ranges are 
from about 99% to about 1% of a polymer or copolymer formed by 
the polymerization reaction with a single site catalyst and from 
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about 99% to about 1% EVA. Layer 128 is th inner sealant layer, 
and layer 132 is th outer layer. 

The EVOH and EVOH copolymers used in the barrier layer 
of the present invention are known in the prior art for their use 
in thermoplastic packaging films as barrier layers. EVOH is an 
especially effective barrier to gases, including oxygen. EVOH 
protects food packages against spoilage and enhances the flavor 
of the food by preventing the penetration of oxygen through the 
film. 

The EVOH copolymers used in the present invention 
contain various comonomers, at a wide range of concentrations. 
Some of the EVOH resins used in the invention are listed in the 
examples described below. However, the EVOH resins of the 
examples are illustrative only, and are not intended to 
demonstrate the only EVOH resins that can be used in the 
invention. 

The additional layers 128 and 132 of the film comprise 
either 100% of a polymer or copolymer formed by the 
polymerization reaction with a single site catalyst or blends of 
a polymer or copolymer formed by the polymerization reaction with 
a single site catalyst and ethylene vinyl acetate. 

The single site catalyst reaction is of the type 
disclosed in co-pending U.S. patent application serial no. 
08/082,226, which is commonly owned with this application and is 
hereby incorporated by reference. Further descriptions of the 
reaction made with a single site catalyst is contained in various 
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publications, including D. Van der Sanden, et al. # "A New Family 
of Linear Ethylene Polymers with Enhanced Sealing Performance 
Designed for Multilayer Barrier Food Packaging Claims," and B.A. 
Story, et al., "The New Family of Polymers from Insite* 
Technology. " 

Polymers made with single site catalysts have various 
desirable qualities, including narrower molecular weight 
distribution and narrower short chain branching distribution, 
which are not found in polyethylenes made with the traditional 
Ziegler-Natta catalyst. Polymers made from the single site 
catalyst reaction also have increased structural homogeneity in 
comparison with those made with the traditional Ziegler-Natta 
catalyst. 

The present invention consists of structures that are 
comprised of polymers or copolymers that have been polymerized in 
the presence of a single site catalyst, such as a metal locene. A 
metal locene is a complex organometallic molecule typically 
containing zirconium or titanium, with a pair of cyclic or alkyl 
molecules. More specifically, metal locene catalysts are usually 
compounds with two cyclopentadiene rings fixed to the metal. 
These catalysts are frequently used with aluminozane as a 
cocatalyst or an activator, one suitable aluminozane is a 
methaliumoxane (MAO) . Besides titanium and zirconium, hafnium 
may also be used as the metal to which the cyclopentadiene is 
bonded. Alternativ metallocenes may includ Group IVA # VA and 
VIA transition metals with two cyclopentadiene rings. Also mono- 
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cyclopentadiene rings or sibyl amides may alternatively be in the 
metal locene instead of two cyclopentadienes. Other metals to 
which the cyclopentadine may be attached may include the metals 
in the lanthanide series. 



understood, it is believed that the metallocene, single site 
catalyst confines the copolymer izat ion reaction to a single site 
over the polymer thus controlling comonomer placement and side 
chain length and branching. The copolymers formed from 
metallocene single site catalysts are highly stereo regular 
products with narrow molecular weight distribution. The 
metallocenes can be used to polymerize ethylene, propylene, 
ethylenic and acetylenic monomers, dienes and carbon monoxide. 
Comonomers with ethylene and propylene include styrene, 
substituted styrene, vinyl, acrylonitrile, methyl acrylate, 
methyl methacrylate and 1,4 - hexadiene. The metallocene single 
site catalysts are capable of producing isotactic polymers and 
syndiotactic polymers, i.e., polymers in which the crystalline 
branches alternate regularly on both sides of the back bone of 
the polymer* There are two general types of single site catalyst 
reactions. The first are nonstereoselective catalysts reactions 
which have been developed by Exxon and Dow and which are used t 
make Exxon's Exact resins and Dow's CGCT resins. See Figs. 3 and 
4. The second type of reactions are stereoselective catalysts 
developed by Hoechst and Fina for stereo specific polymerization 
particularly of polypropylene and oth r ol fins such as butene-l, 



While the reaction mechanism is not completely 
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and 4 methylpentene-1. See, e.g., Figures 5 and 6. 

The ethylene alpha olefins polymerized by a single site 
catalyst have low crystal linity and a density that ranges from 
0.854 to 0.97 gm/cc/ Although this density range is similar to 
conventional ethylene polymers, i.e. * LOPE, LLDPE and ULDPE, the 
polymers in the structures of the present invention have a narrow 
molecular weight distribution and homogeneous branching. The 
molecular weight distribution of the preferred polymers may be 

represented by the formula 

MWD = M./H = <2.5 
In addition, the melt processability of these polymers 

(I t0 /I 2 ) has a range of about 5.5 to about 12 while conventional 

homogeneous polymers are generally less than 6.5 at an MWD of 2. 

The melt tension of these polymers is in the range of about 1.5 

to 3.5 grams. 

The MWD of these polymers may be determined using a 
Water's 150 GPC at 140 # C with linear columns (103, A-10* A # ) from 
Polymer Labs and a differential refractometer detector. 
Comparison of the MWD of a 1MI, 0.920 density CGCT polymer with 
that of 1MI, 0.920 density conventional LLDPE illustrates the 
very narrow MWD of the CGCT polymers which usually have a M./M. 
of approximately 2 compared to 3 or greater for LLDPE. 

The polymers or copolymers formed by the polymerization 
reaction with a single site catalyst used in the examples below 
are illustrative of the polym rs or copolymers formed by the 
polym rization r action with a single site catalyst that are used 
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in the invention, but are not intended to define the only 
polymers or copolymers formed by the polymerization reaction with 
a single site catalyst resin that can be used in the invention. 

EVA and EVA copolymers are often used in packaging film 
applications for their flexibility and toughness, their adhesive 
qualities, and the superior stress crack resistance. The 
ethylene vinyl acetate copolymers or EVA resins that are blended 
with ULDPE contain various additional thermoplastic materials 
with contents ranging from about 5% to about 50% vinyl acetate. 

Generally, as the vinyl acetate concentration of the 
EVA copolymer increases, the clarity of the film improves and the 
low-temperature flexibility , stress-crack resistance, and impact 
strength all increase. Meanwhile, an increase in vinyl acetate 
concentration causes a decrease in the softening and sealing 
temperatures as well as barrier properties. 

The EVA resins used in the examples below are 
illustrative of the EVA resins that may be used in the invention, 
and are not intended to demonstrate the only EVA resins that can 
be used in the invention. 

The adhesive layer can comprise any of the several 
adhesives common in the trade. The adhesives used in the film 
may be a thermoplastic hot melt adhesive, such as a polyethylene, 
poly amide, or an EVA copolymer such as anhydride modified EVA. 
Other potential substances which can be used as adhesives are 
rubber-based adhesives, polyur ethanes, and cyanoacrylates. r 
As is common in the art, the films of the invention 
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have been irradiated to effect certain desirabl changes in the 
physical properti s of the film. Irradiation breaks the chemical 
bonds in the resins, causing ionization of the molecules. This 
leads to crosslinking, i.e. . chemical bonds being formed between 
the molecules in adjacent polymer chains. 

The films of the invention may be subjected to several 
methods of irradiation. One such method which is described in 
the examples below, is by electron beam irradiation. The 
electron beam method, however, is only illustrative of one of the 
methods which may be used, and is not intended to suggest that 
other methods may not be used. 

The word "package" as used herein is defined to include 
container articles which do not have a product therein as well as 
container articles that include products therein. A package may 
be closed and sealed, or otherwise closed, or alternatively may 
be opened. 

While the invention has been described in two 
embodiments as a five layer film, it should be appreciated that 
the film may comprise additional layers. Thus, additional layers 
may be disposed ori either side of the five layer structures of 
the previously described embodiments. Also, additional interior 
layers may be disposed between the inner sealant layer and the 
outer layer. Adhesive layers may be disposed between the five 
layer structures of the embodiment and any additional layers. 
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EXAMPLES 

Samples of five layer heat shrinkable bags of various 
structures of the invention were constructed. Each of the bags 
made had outer layers of a ULDPE with a thickness of 90 gauge, 
inside layers of adhesive with a thickness of 25 gauge, and a 
core layer of EVOH having a thickness of 20 gauge. 

Variable 2 was a five layer structure having the 
following structure, from outer layer to inner layer, with the 
layer thicknesses indicated: 

ULDPE / ULDPE / EVOH / ULDPE / ULDPE 

The ULDPE resin used in variable 2 was ULDPE 3651-00, 
manufactured by Dow Chemical Company. The EVOH resin used was 
ST230, a resin manufactured by Nippon Gohsei Company. 

Variable 6 was a five layer structure having the 
following structure, from outer layer to inner layer, with the 
layer thicknesses indicated: 

ULDPE / adhes i ve / EVOH /adhesive/ ULDPE 

As in variable 2, the particular ULDPE resin used in variable 6 
was ULDPE 3651-00, manufactured by Dow Chemical Company. The 
EVOH resin used in variable 6 was LC-H101-A manufactured by EVAL 
Ch mical Company. The adhesive resin was Bynel E-331, 
manufactur d by E.I duPont & de Nemours, Inc. 
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Variable 9 was a five layer structure having the 
f 1 lowing structure, from outer lay r to inner layer: 

ULDPE/adhesive/EVOH/adhesive/ULDPE 

The ULDPE resins and EVOH resins used in variable 9 were the same 
as those used in variable 6. The adhesive resin used in variable 
9 was Bynel E-406, manufactured by E.I. duPont & deNemours, Inc. 

The films constructed from the terms of the invention 
were then tested for various physical properties common in the 
art of making multilayer polymeric films, including shrink 
properties, puncture strength and adhesion. 

The shrink properties were obtained measuring the 
percent free shrink for each of the films at a temperature of 
180*F, both in the machine direction (MD) and the cross-machine 
direction (CMD) . 

PERCENT SHRTMK 

VARInPI/fi NQt FILM THICKNESS MB CMD 
(MILS) 

2 2.40 19 28 

2.43 17 28 

2.44 18 30 

6 2.31 20 30 

2.43 21 33 

2.45 20 31 



18 

n 



9 2.26 20 30 

2.35 20 31 

2.38 19 29 

The shrink bags of the invention were also measured for 
their puncture strength according to the Instron method. Under 
this test, a 4" by 4" sample of the film was obtained and fixed 
in a holder. The sample of the film was then subjected to a 
probe having a tip of approximately 6 mm. in diameter. The probe 
tip was moved from the top to the bottom of the film sample at a 
certain speed. The probe measured the strength of the film by 
recording the maximum strength value, or peak value, before the 
film was punctured, in pounds. 

The following average values were recorded for 
variables 2, 6 and 9: 



(CO 



VARl^EE PUNCTURE STRENGTH fLBS.l 
2 13.5 
6 12.4 
9 11.3 



The shrink bags were also measured for their adhesive 
qualities. The adhesion between each of the various layers of 
the film was measured. In the test of adhesion, the ends of th 
film were clamped with the Instron grip, and th film specimen 
was pulled apart using a supported 90* tail. For each of 
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variables 2, 6 and 9, it was found that the EVOH and tie layers 
could not be separated. 

The foregoing examples are representative of the types 
of heat shrinkable films that may be made according to the 
invention. These examples are not intended to demonstrate the 
only films that may be made according to the invention. 

Further modifications of the invention will be apparent 
to those skilled in the art and all such modifications are deemed 
to be within the scope of the invention as defined in the 
following claims. 
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